Abstract Major obstetric hemorrhage (MOH) is one of the top three causes of morbidity and mortality in the United States and the main cause of maternal death in the developing world. The growing number of multiple cesarean deliveries, augmented labors, pregnant women of advanced maternal age, maternal obesity, or abnormal placentation have a direct correlation with the observed increase in peripartum blood loss. As awareness of the morbidity and mortality associated with MOH increases, new diagnostic and therapeutic modalities are evolving to address this public health threat. This review presents current opinions and recent clinical advances in the diagnosis and management of, and resuscitation after, massive obstetric hemorrhage.
Introduction
Postpartum hemorrhage (PPH) is a leading cause of maternal death worldwide; it is estimated to contribute to at least 30 % of all maternal deaths each year [1, 2] . Even in highly developed countries, for example the US, UK, Canada, Australia, and France, the incidence of obstetric hemorrhage is increasing [3] . Despite the magnitude of this global problem, there is no uniform consensus on the definition of massive obstetric hemorrhage (MOH). In general, definitions of MOH are based on the volume of blood lost or the number transfusions needed over a given time period. Usually, the term MOH refers to clinical situations in which there is ongoing blood loss and failure to institute immediate resuscitative measures could result in maternal death.
The population at risk of MOH should be identified early. Active resuscitation should be initiated rapidly and the etiology of hemorrhage should be pursued and corrected. Currently, clinical shortcomings and lack of resources in many parts of the world interfere with delivery of peripartum care, and obstetric hemorrhage is still a leading preventable cause of tragic maternal morbidity and mortality.
Definition of Obstetric Hemorrhage
There is no unifying definition of MOH. In a singleton pregnancy, 500 mL blood loss during vaginal delivery and up to 1,000 mL blood loss during cesarean delivery has been accepted as the traditional norm. The generally accepted definition of massive hemorrhage is one or more of the following:
Estimation of Blood Loss
Early recognition of peripartum blood loss is crucial to initiating resuscitative measures. It is well established that blood loss during childbirth is vastly underestimated, irrespective of the level of training and seniority of the clinicians. Stafford et al. recently investigated this phenomenon in the obstetric population at a high-volume tertiary care center where they compared visual estimates of blood loss by resident physicians with mathematically calculated estimates of blood loss (based on patient weight, height, and pre and post-delivery hematocrit). Of the 90 cesarean deliveries with calculated blood loss of more than 1 L, only 18 % were accurately estimated. Visual estimates for operative vaginal deliveries were often 2-3 times lower than calculated blood loss [6] . Other investigations have shown that focused education and periodic reinforcement improves accuracy of estimation of peripartum blood loss [7, 8] . In addition to training, improving the ability of care givers to recognize early signs of hypovolemia and request additional help has been validated [9 • ].
Despite losing 1,000-1,500 mL of blood during childbirth, a parturient may not exhibit obvious signs or symptoms of hypovolemia. The reasons for this are twofold.
Maternal blood volume increases throughout preg-
nancy. Because of this increased reserve, signs and symptoms of acute volume loss may not be apparent. 2. After the delivery of placenta, the myometrium clamps down on the spiral arteries, which results in redirection of the uterine blood flow to the maternal circulation, or autotransfusion.
With continued blood loss as a result of such conditions as uterine atony, birth trauma, abnormal placentation ,or coagulopathy, the physiological balance is stressed. It is important to recognize major obstetric hemorrhage in a timely fashion, because a parturient's compensatory mechanisms may mask signs of acute hypovolemia. Treatment should be initiated promptly and aggressively to mitigate morbidity and mortality.
Etiology of MOH
Antepartum hemorrhage is usually the result of placenta previa or placental abruption which can be distinguished by clinical and diagnostic modalities. Intrapartum hemorrhage is usually a manifestation of uterine atony, abnormal placentation, retention of products of conception, birth trauma, or depletion of thrombin-either from dilution or consumption of coagulation products [10 •• , 11, 12] .
Tone
Uterine atony is the leading cause of obstetric hemorrhage worldwide. Some of the risk factors for excessive postpartum blood loss are induction of labor, high and prolonged exposure to oxytocin, prolonged labor and/or dystocia, multiple gestation, polyhydramnios, chorioamnitis, and macrosomia. Most patients who have excessive bleeding from uterine atony requiring transfusion have no pre-defined risk factors [13 • ].
The International Postpartum Hemorrhage (PPH) Collaborative Group which included representatives from Australia, Belgium, Canada, France, the UK and the US reviewed international trends in PPH between the years 1991-2006. Evaluation of the national data bases from these high-resource countries confirm that PPH is increasing worldwide, even in high-resource settings [4] . In an 11-year population based retrospective cohort study from Ireland, 17,000 of the 649,019 (2.6 %) deliveries recorded had an associated diagnosis of PPH. Overall incidence of PPH had increased from 1. 
Abnormal Placentation
The second most common cause of MOH is abnormal placentation [13 • ], including: placenta previa, accretae, increta, and percreta. Each cesarean delivery a woman undergoes increases her risk of developing abnormal placentation [16, 17] . As cesarean delivery has become increasingly more common, the incidence of abnormal placentation has increased. In the 1970s the incidence was believed to be 1 in 4,027 deliveries; this subsequently rose to 1 in 2,052 in the 1980s and to 1 in 533 in the 1990s [18] .
Diagnosis of Abnormal Placentation
Placenta accreta can be diagnosed on the basis of ultrasound, in some cases, as early as the first trimester [19] .
Sonographic findings suggestive of placenta accreta include large placental lacunae giving a ''Swiss cheese'' appearance and loss of retroplacental hypoechoic space. Vascular invasion of the myometrium can also be identified by use of color Doppler. Abnormal placentation has traditionally been diagnosed by ultrasonography. Non-contrast MRI has proven to be a more sensitive and specific imaging modality in the screening and evaluation of abnormal placentation. Noncontrast MRI is 88 % sensitive and 100 % specific in the diagnosis of abnormal placentation versus a respective 77 % sensitivity and 96 % specificity for ultrasonography [20, 21] . MRI is also superior when it comes to the evaluation of placenta invasion of posterior structures such as the bladder (placenta percreta) [16, 22] .
Trauma
If hemorrhage continues despite adequate uterine tone, then the parturient should be evaluated for cervical lacerations, vaginal hematoma, and the possibility of uterine rupture [18, 23] .
Although pregnancy is a pro-thrombotic state, obstetric hemorrhage is often complicated by coagulopathy. Coagulation abnormalities, both congenital, for example Von Willebrands disease, and acquired during pregnancy (HELLP syndrome) predispose toward MOH [24] [25] [26] [27] . The etiology of the coagulopathy needs to be recognized and treated. For example, if the coagulopathy is related to retained products of conception (e.g. placental tissue), then appropriate operative intervention and resuscitation should be initiated. In their pioneering study, Charbit et al. identified serum fibrinogen level as the single independent predictor of the severity of post-partum hemorrhage. In that study, fibrinogen less than 2 g/L had a positive predictive value of 100 % for developing severe post-partum hemorrhage [28] . De Lloyd et al. [29 • • ] also showed that a decreasing fibrinogen level had the strongest correlation with volume of bleeding compared to other laboratory data in the setting of major obstetric hemorrhage. Fibrinogen concentrations C2.5 g/L are believed to be needed for ideal clot formation [30] .
Management of Obstetric Hemorrhage
The following recommendations are based on literature documenting recent clinical advances in the management of MOH and on the authors' practice at the Beth Israel Deaconess Medical Center, a tertiary care hospital associated with Harvard Medical School.
Initiating Additional Help
When more than ordinary blood loss is suspected, healthcare providers should be actively encouraged to call for ''help''. Senior obstetricians and obstetric anesthesiologists should be notified immediately. Empowering midwives and caregivers to call for help early can be lifesaving. The Modified Early Obstetric Warning System (MEOWS) developed from the UK recommendations of Confidential enquiry into Maternal and Child health effort has demonstrated that women at risk of hemorrhage may be recognized early and managed with a well-developed bedside monitoring and/or screening tool that assesses worrisome trends in hemodynamic variables and impending shock [9 • ]. In the US, the mission of the California Maternal Quality Care Collaborative has been developed to eliminate preventable maternal death and injury and to promote equitable maternity care in the state. This important initiative also recognizes the essential role of labor and delivery nurses in its success [31] .
Active Management of the Third Stage of Labor
Because uterine atony is one of the leading causes of PPH and maternal death [32] [33] [34] , active management of the third stage of labor is strongly encouraged [32, 35] . Delivery of the placenta within 10-15 min of delivery of the baby, administration of oxytocin, even in low-resource settings, gentle cord traction, and fundal massage are advocated to promote uterine tone [36 • , 37] .
Medical Management of Uterine Atony
Ongoing blood loss in the setting of uterine atony generally requires administration of additional uterotonic agents. The most commonly used first-line uterotonic agent is intravenous oxytocin. Additional uterotonicagents include methylergonovine maleate, 15-methylprostaglandin F 2a, and misoprostol-prostaglandin E1. Carbetocin, a longeracting oxytocin analogue is used in many centers, although its advantages and cost effectiveness are under scrutiny [38] [39] [40] [41] . The indications for use, dose, and side effects of these medications are listed in Table 1 . The choice of agent is affected by the co-morbidities of the parturient.
Oxytocin Oxytocin is the first-line uterotonic used routinely in the third stage of labor. Although there have been several investigations of the optimum dose of oxytocin, current dosage regimes are highly variable [42] [43] [44] . Sheehan et al. evaluated whether there was benefit to infusion (40 IU pitocin) after an initial 5-IU bolus in women who were low risk for obstetric hemorrhage. Although they found no difference in the occurrence of major obstetric hemorrhage between the groups, the (perceived) need for an additional uterotonic agent in the bolus and infusion group was lower than for the bolus only group (12.2 vs. 18.4 % P \ 0.0010). Women were less likely to have a major obstetric hemorrhage in the bolus and infusion group than in the bolus only group if the obstetrician was junior rather than senior (0.57, 0.35-0.92, P = 0.02). The investigators concluded that addition of an oxytocin infusion after caesarean delivery reduces the need for additional uterotonic agents but does not affect the overall occurrence of major obstetric hemorrhage [39, 43, 45 • ]. King et al. evaluated the effect of saline versus oxytocin infusion after a bolus of 5 IU of pitocin for women at risk for uterine atony. Among this at-risk patient population, the investigators found a significant difference in uterine tone immediately after placental delivery which subsequently disappeared after 5 min. Overall, they concluded that addition of an oxytocin infusion did not alter the need for additional uterotonics in the first 24 h [46
In our practice, a parturient believed to be at risk of atony during cesarean section usually receives 2-3 IU oxytocin as an intravenous bolus followed by an infusion of 30-40 IU in 1 L. Although these doses are likely to be supratherapeutic, we quickly determine the myometrial response to oxytocin and the need for second-line drugs early [43] .
Bolus and infusions oxytocin infusion can cause peripheral vasodilatation (particularly in the setting of acute blood loss) resulting in severe maternal hypotension (Table 2) .
Methylergonovine Maleate (for Example Methergine) Methylergonovine maleate (e.g. methergine) is an effective second-line uterotonic agent that is typically administered as a 0.2 mg intramuscular injection. Intravenous administration, although approved, is generally avoided, because of vasospastic side effects. Other common side effects are nausea, vomiting, and elevation of systemic arterial pressure from generalized increase in smooth muscle tone. Methylergonovine maleate is contraindicated in women with hypertension, significant cardiac disease, diabetes with retinal involvement, specifically, and in general in any patients particularly at risk of vasospasm.
Prostaglandins Prostaglandin F 2a (Hemabate), 250 lg as an intramuscular or intramyometrial injection, is also the uterotonic of choice when there are contraindications for ergot alkaloids. The side effects of this agent include severe bronchospasm. As such, its use is relatively contraindicated for patients with asthma or reactive airway disease.
Misoprostol Misoprostol is a synthetic prostaglandin E1 analogue which is a potent inhibitor of gastric secretion. It also is an abortifacient, because it induces myometrial contraction as a side effect. Therefore, in different doses, it has off-label uses for inducing labor and for treatment of postpartum hemorrhage. Up to 1,000 mg can be administered rectally for in the setting of postpartum hemorrhage. It is as efficacious as oxytocin and easy to administer even in resource poor setting-but is more expensive.
Calcium carbonate or gluconate Calcium carbonate or gluconate may be considered in severe uterine atony as an adjunct to the agents listed above. 
Bimanual compression
This obstetric maneuver can be attempted after a vaginal delivery. The uterus is compressed bimanually with one hand in the vagina and the other on the anterior abdominal wall.
Manual removal of placenta and/or dilatation and curettage (D&C) The World Health Organization (WHO) defines retained placenta as lack of expulsion within 30 min of delivery. In the absence of bleeding, the recommendation is that the parturient be observed for a further 30 min (or more) before manual removal of the placenta. If she is bleeding, intervention should be initiated sooner [47] . 
Uterine balloon tamponade

Uterine compression sutures
Coker and coworkers [49] described these compressive sutures to control bleeding as an alternative to hysterectomy. B-Lynch and other hemostatic compressive sutures are used worldwide and may be a useful first-line surgical intervention for women responsive to bimanual uterine compression [50] [51] [52] . B-Lynch compressive sutures do not seem to interfere with future pregnancies; there are reports of women with a B-Lynch compressive suture having spontaneous conception and progressing to term pregnancy [53, 54] .
Devascularization Techniques
Interventional Radiology (IR)
Interventional radiology procedures are not ideal in emergent situations when there is active ongoing massive hemorrhage. In elective situations, an individualized treatment plan should be developed for patients at risk of massive blood loss, e.g. placenta accreta. The role of IR in elective and emergent clinical settings is discussed in depth in the section ''Management of Placenta accreta''.
Surgical Ligation Selective ligation of uterine arteries, internal iliac artery, or hypogastric arteries has been described for control of massive postpartum hemorrhage. These are surgically challenging procedures with varying outcomes. However, despite ligation of these blood vessels, some patients may require cesarean hysterectomy to control hemorrhage. Although fertility is possible after selective artery ligation, patients are at subsequent risk for endometritis, synechiae formation, infertility, secondary hemorrhage, and infection [53, 55] .
Cesarean Hysterectomy Peripartum hysterectomy may be indicated in cases of intractable postpartum hemorrhage. In an analysis of the NIS, Bateman et al. found that, in the US, the incidence peripartum hysterectomy in women with a diagnosis of abnormal placentation increased from 32.9 to 40.5 per 100,000 deliveries between the years 1994-1995 and 2006-2007, and hysterectomy for diagnosis of uterine atony increased from 11.2 to 25.9 per 100,000 deliveries [56] .
Management of Placenta Accreta
The objectives of antenatal management are:
1. to optimize maternal hemoglobin reserve; 2. to involve multidisciplinary experienced providers; 3. to develop an individualized care plan; 4. to schedule elective preterm cesarean delivery in an optimum location; and 5. to prepare for massive blood loss and cesarean hysterectomy.
Active management of maternal [52, [57] [58] [59] anemia is encouraged in all pregnancies and more so after diagnosis of abnormal placentation. Autologous pre-donation may be considered, but maternal anemia is often a limiting factor; this technique may be considered for women with very rare blood types. In the setting of rare blood types, acute normovolemic hemodilution, pre-operative autologous donation, and intraoperative cell salvage are commonly used blood-conservation techniques [60] . Patients should be referred to and delivered in a facility where multi-disciplinary specialists (high-risk obstetric anesthesiologists, interventional radiologists, urologists, neonatologists, maternal fetal medicine specialists, gynecological oncologists and/or general surgeons, blood bank with substantial reserve to handle massive transfusion, intensive care units) are available. Multidisciplinary team management and delivery in a tertiary care center have been shown to reduce hemorrhage-related morbidity.
The risk of bleeding increases with increasing gestational age. A shortened cervix of less than 30 mm in the third trimester also seems to be associated with increased risk of antenatal bleeding [51, 57, 61] . The American College of Obstetrics and Gynecologists recommend planning for an elective preterm cesarean delivery to avoid emergent cesarean deliveries during active bleeding. There is no benefit in assessing for fetal lung maturity before the planned pre-term delivery. The treatment plan and timing of delivery must be individualized for each patient and neonate.
Role of Interventional Radiology (IR)
The role of IR in obstetric hemorrhage is evolving. The American College of Obstetricians and Gynecologists 2012 Committee opinion states that there is still unclear and inconclusive data regarding the efficacy of occlusive balloons and therefore recommends individualized consideration [58] . Preemptive occlusive balloon catheter placement by an interventional radiologist is a consideration in elective circumstances and in patients who are stable. ACOG recommend balloon catheter occlusion or embolization to reduce blood loss and improve surgical outcome on the basis of individual circumstances rather than as a routine practice, because the data are inconclusive. There is a growing number of case reports and case series where occlusion balloon catheters were utilized in patients with abnormal placentation. Some case series have shown no differences in outcomes and others have reported significant complications [62] [63] [64] . In a case-control comparison of women undergoing cesarean hysterectomy with and without internal iliac occlusive balloons, Shrivastava et al. demonstrated no significant difference in estimated blood loss, number of transfused products, or operative time. In fact, three patients with occlusive balloons developed significant complications related to the arterial balloons [65] . In a retrospective case-control study of patients with placenta accreta from 1990 to 2011, 59 patients (50.4 %) had uterine artery balloons placed preoperatively. The mean estimated blood loss (EBL) was significantly lower (2,165 vs. 2,837 mL; P = 0.02) for the group that had uterine artery balloons than for the group that did not. There were more cases with an estimated blood loss greater than 2,500 mL and massive transfusions of packed red blood cells ([6 units) in the group that did not have occlusive balloons. Two patients (3.3 %) in this series had complications related to the occlusive balloons). In a series of 11 patients with a diagnosis of abnormal placentation, prophylactic bilateral internal iliac occlusive balloons reduced intra-operative blood loss, number of transfusions, and duration of surgery [61] . More robust research and experience are required for routine use of preemptive placement of vascular occlusion balloons.
Anesthesia for Occlusive Balloon Placement
Occlusive balloon placements are performed in the Interventional radiology suite under either regional anesthesia or sedation. General anesthesia is usually not required in elective situations. Use of epidural anesthesia provides an opportunity for transition to a cesarean delivery, using an in-situ epidural if needed [66] . Typically, after establishing a regional anesthetic, the vascular occlusive catheters are placed by the interventional radiologists in the interventional radiology suite. Regional anesthesia has the advantage of limited exposure of the fetus to general anesthesia. Care should be exercised when balloon catheters are inflated in the IR suite, because these maneuvers can reduce uterine artery blood flow resulting in fetal compromise necessitating emergent delivery.
Despite optimum preparation and management, MOH requiring cesarean hysterectomy may be unavoidable.
Operative Delivery-Location of Cesarean Delivery
There are case reports of operative delivery being performed in the interventional radiology suite but this is not yet standard practice [66] [67] [68] [69] . There are many advantages to performing the operative delivery in the IR suite, because the radiologist can visualize the bleeding and embolize the vascular areas in real time. In our tertiary care center and many others, cesarean delivery is undertaken in the labor and delivery suite where there is ready access to an operating room with surgical equipment, cell saver, and labor and delivery nurses and physicians who are used to dealing with an awake mother and an anxious spouse. The position of the occlusive balloon should be reconfirmed when patient is positioned on the operating room table and after induction of anesthesia [63] .
Resuscitation After Massive Obstetric Hemorrhage
Fundamentals of anesthetic management of resuscitation after MOH include:
1. adequate venous access-large bore peripheral venous access ± central venous access; 2. monitoring-in addition to standard monitoring-of invasive arterial blood pressure; 3. preparation for massive transfusion-rapid infusers e.g. Level 1/Belmont rapid infuser; and 4. regional anesthesia versus general anesthesia.
Every labor and delivery unit should have a protocol in place to respond to unexpected obstetric hemorrhage.
Varatharajan et al. introduced a MOH protocol in 2005
with the mnemonic ''HEMOSTASIS''-H help, E establish etiology, M massage the uterus, O oxytocin infusion and prostaglandins, S shift to operating room, T tamponade, A apply compression sutures, S systematic pelvic devascularization, I interventional radiology, S subtotal/total hysterectomy. A retrospective chart review of all obstetric hemorrhage in their unit after implementation of the protocol revealed a trend of reduction of more complex intervention, probably, in part, because of the structure and methodology it imposed on existing training [70] .
Blood and blood products should be available in the operating room from the time of skin incision. There should be no hesitation before activation of a massive transfusion protocol which, in our institution, includes: four units of packed red cells, two units of fresh frozen plasma, and one unit of pooled platelets for each blood bank ''request'' and subsequent issue. After the second request, cryoprecipitate is made available and the on-call hematologist receives notification of activation of massive transfusion protocol.
In our institution, general anesthesia is preferred for patients with hemodynamic instability who need emergent cesarean deliveries. In elective scenarios, general anesthesia is limited to women who may have a difficult airway or to cases where intraoperative conversion to general anesthesia may not be ideal, e.g., maternal obesity. When MOH is expected, massive transfusion can cause airway edema exacerbating difficulty with airway management. Ureteral stents are often placed before the cesarean section to help avert ureteral injury. Invasive monitoring and largebore venous access is established. In our center, we electively opt for central venous access before the patient develops intraoperative coagulopathy.
Crystalloid/PRBCs/FFP
The objective of resuscitation is to maintain adequate oxygenation and perfusion and to avoid the lethal triad of acidosis, hypothermia, and coagulopathy. Initial volume resuscitation with crystalloid is reasonable to maintain the intravascular volume and cardiac output. However, aggressive crystalloid resuscitation should be avoided in MOH, because excess crystalloid can worsen the underlying consumptive coagulopathy with a dilutational component [71, 72] . In the past decade there has been a movement toward transfusing ''high'' (e.g. 1:1) ratios of RBC to FFP. This practice initially derived from the treatment of hemorrhagic shock in combat wounds in which high ratios of FFP to RBC were associated with better outcomes [73] . The 2013 European guidelines for management of bleeding and coagulopathy after major trauma recommend FFP to RBC of at least 1:2 [74] . A large observational study recently showed that for patients with post-partum hemorrhage patients who received FFP to RBC of 1:1.2 versus 1:1.6 had better outcomes in that they required significantly fewer interventional procedures to control bleeding [75 •• ] .
Fibrinogen Concentrate/Cryoprecipitate
Monitoring of fibrinogen is essential when treating MOH. The average baseline value of fibrinogen in the pregnant woman during the 3rd trimester is 5 g/L [76] . A recent observational study showed that fibrinogen concentrate was as efficacious as cryoprecipitate in the setting of low fibrinogen secondary to major obstetric hemorrhage [77] . Unlike plasma or cryoprecipate, fibrinogen concentrate does not have to be ABO-compatible. Pasteurized fibrinogen concentrate can be stored at room temperature in powder form [78] . Although traditional criteria for factor replacement suggest fibrinogen levels \1 g/L as initiator for repletion, practitioners should strongly consider repletion of fibrinogen in major obstetric hemorrhage before plasma levels decrease to 1 g/L.
Platelets Transfusion objectives for platelets in obstetric hemorrhage are not well defined. In the setting of massive blood loss complicating trauma a minimum platelet count of at least 50,000 is preferable. In the setting of ongoing massive hemorrhage in trauma patients, platelets should be maintained at approximately 100,000 [74] . In the setting of obstetric hemorrhage and massive blood loss, the optimum platelet count is yet to be determined and is best guided by the clinical setting.
Cell Salvage Cell Saver should be primed and available with an experienced technician to operate it. The utility and safety of cell salvage in obstetrics is now well established. Historic concerns were based on maternal exposure to fetal squamous cells which were believed to precipitate physiologic processes similar to those in amniotic fluid embolism. However, many case series have supported the safe use of transfusion of salvaged blood to pregnant women without complications [79] .
Leukocyte depletion filters used in modern intraoperative cell saver technology effectively remove contaminants which could lead to anaphylactoid and/or amniotic fluid embolism-like syndromes [80] . Additional measures to further reduce contamination of maternal blood include waiting until delivery of the fetus and placenta before beginning the salvaging process. Ralph analyzed the development of antibodies in 70 women who received at least 325 mL salvaged blood and found that only one developed anti-S antibody, supporting the lack of significance of fetal cell contamination [81] .
Despite modern filtering techniques, Cell Saver cannot completely separate maternal from fetal blood. Therefore, Rh-negative women who receive Cell Saver blood are at risk of alloimmunisation from Rh-positive fetal red blood cells and must receive Rho(D) immune globulin to prevent hemolytic disease of the newborn in future pregnancies.
Recombinant Activated Factor VII Recombinant activated factor VII (rFVIIa) has been used for treatment of MOH, although its precise indications and effectiveness in the treatment of MOH are still unclear. rFVIIa is an attractive adjunct for treatment of massive obstetric hemorrhages. It is believed to act in areas of injured endothelium where tissue factor (TF) is upregulated. At these sites of endothelial injury, rFVIIa and TF bind and activate factor X, subsequently leading to generation of thrombin and to clot formation [82, 83] .
Unfortunately, there are no randomized clinical trials supporting use of rFVIIa. Observational and retrospective case studies suggest that in some circumstances use of rFVIIa can be highly efficacious in achieving hemostasis and avoiding peripartum hysterectomy. In these studies, rFVIIa was given for MOH of different etiology, at different doses and at non-uniform intervals [83, 84] . Also, administration of rFVIIa has the potential disadvantage of causing serious thromboembolism in the obstetric population when administered during massive hemorrhage [85, 86] . Given the lack of data supporting the use of rFVIIa, its high cost, and the side effects described above, it is hard to support its routine use for treatment of major obstetric hemorrhage. However, it is a treatment modality to consider when other, more conventional means of controlling major obstetric hemorrhage have failed.
Tranexamic acid (TXA) Tranexamic acid (TXA) prevents hyperfibrinolysis and helps to stabilize fibrin clots by reducing surgical blood loss [87] . TXA has been shown to reduce blood loss in patients undergoing open-heart surgery with cardiopulmonary bypass [88] , and also reduce massive blood loss during total knee and hip arthroplasty [89] . Administration of TXA to soldiers suffering from traumatic combat wounds has been shown to reduce the risk of exsanguination [90] . TXA has recently been made available over the counter in the UK for women who suffer from heavy menstrual bleeding [91] . The effect of TXA in MOH is unclear, because high-quality randomized controlled studies on the subject are lacking. Currently, the World Maternal Antifibrinolytric Trial (WOMAN) is the first large scale randomized, international double-blind placebo-controlled study to investigate early intervention with transexamic acid for women with postpartum hemorrhage. The final results from this trial will not be available until 2015 [92] . A randomized-open trial that assessed the efficacy of TXA when given to women who had already developed post-partum hemorrhage (as defined by EBL of [800 mL) found statistically significant modest reductions in blood loss. Clinical outcomes between placebo and TXA intervention were similar [93] . Currently, there is no compelling evidence to recommend the routine use TXA in MOH.
Post-operative Disposition
Patients who have received massive transfusion will often require admission to intensive-care units. Post-operative period may be complicated by re-bleed requiring re-laparotomy, transfusion-related lung injury, or oliguria and/ or anuria and/or acute renal failure. Intra-abdominal pressure post cesarean delivery is higher than for other surgical patients [94] . In the setting of deteriorating renal function unresponsive to fluid boluses, differential diagnosis of abdominal compartment syndrome should be considered.
Tests for Coagulation
Because coagulation is a dynamic process, clinical evidence of coagulation abnormalities usually precedes abnormal laboratory results. Thromboelastography and thromboelastometry (TEG/ ROTEM) have several advantages over traditional laboratory testing. These tests give a picture of the entire coagulation cascade and monitor for disorders such as hyperfibrinolysis at the point of care. Huissoud et al. [72] showed that by using thromboelastometry, low levels of fibrinogen could be detected in women with postpartum hemorrhage at the point of care in approximately 10 min [96] . Furthermore, TEG/ROTEM-based assays enable more rapid and accurate diagnosis of hyperfibrinolysis [97] .
The normal range of TEG and ROTEM values for a parturient is yet to be determined, although preliminary studies suggest that these values are reduced in parturients [98 •• ] . More research is needed in the use of TEG/ROTEM among the pregnant population.
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Conclusion
Obstetric hemorrhage continues to be a leading cause of maternal mortality and morbidity worldwide. Continued education and improvement in systems to address early recognition of high-risk parturients and transfer to appropriate care centers will improve access to resources. More research is needed on the effect of such treatment as interventional radiology and hemostasis adjuncts such as FVIIa and tranexemic acid in the treatment of obstetric hemorrhage.
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